To explain all the available experimental results, we have proposed the Electroweak Supersymmetry (EWSUSY) previously, where the squarks and/or gluino are heavy around a few TeVs while the sleptons, sneutrinos, Bino, Winos, and/or Higgsinos are light within one TeV. In the Next to Minimal Supersymmetric Standard Model (NMSSM), we perform the systematic χ 2 analyses on parameter space scan for three EWSUSY scenarios: (I) R-parity conservation and one dark matter candidate; (II) R-parity conservation and multi-component dark matter; (III) R-parity violation.
I. INTRODUCTION
Supersymmetry (SUSY) is the most promising new physics beyond the Standard Model (SM). From the theoretical point of view, it solves the gauge hierarchy problem in the SM, and is consistent with the Grand Unified Theories (GUTs) due to the gauge coupling unification in the supersymmetric SMs (SSMs). From the phenomenological point of view, the electroweak (EW) gauge symmetry can be broken radiatively due to the large top quark Yukawa coupling, and the lightest supersymmetric particle (LSP) such as neutralino can be a cold dark matter canidiate if R-parity is conserved. Also, in the Minimal SSM (MSSM), the lightest CP-even neutral Higgs boson is predicted to be lighter than about 130 GeV (For a review, see Ref. [1] .), which is compatible with the Higgs boson with mass around 125
GeV discovered by the ATLAS and CMS Collaborations in July 2012 [2, 3] .
Inspired by the LHC Higgs [4] and SUSY [5] searches, the experimental results/constraints on B physics [6, 7] and Flavour Changing Neutral Current (FCNC) [8] [9] [10] , anomalous magnetic momentum of the muon [11] , dark matter relic density from WMAP experiment [12] , and direct dark matter search from XENON100 experiment [13] , we proposed the Electroweak Supersymmetry (EWSUSY): the squarks and/or gluino are heavy around a few TeVs while the sleptons, sneutrinos, Bino, Winos, and/or Higgsinos are light within one TeV [14] . To realize the EWSUSY in the MSSM, we considered the non-universal gaugino masses, universal/non-universal scalar masses, and universal/non-universal trilinear soft terms, inspired by the Generalized Minimal Supergravity (GmSUGRA) [15, 16] . For the later and relevant studies, see Refs. [17] [18] [19] [20] [21] [22] [23] [24] [25] . Moreover, the heavy squarks are prefered by the SUSY FCNC and CP violation problems. And the light electroweak SUSY sector is very promising on both model building and phenomenological study.
Let us briefly review the current LHC Higgs, SUSY and B physics searches and the anomalous magnetic momentum of the muon in the SSMs. The ALTAS and CMS Collaborations have released their latest results for the Higgs boson searches by various channels [4] , which indicate a highly SM-like Higgs particle with mass around 125 GeV. The concrete experimental results will be given in Section III. However, the SUSY searches at the LHC still suffer from the null results [5] . Until now, the first two generation squarks with mass less than around 1.5 TeV have been excluded in the Contrainted MSSM (CMSSM) or Minimal Supergravity (mSUGRA). For the simple decay chains (g → ttχ the discrepancy can be explained. However, to obtain the Higgs boson mass 125 GeV in the CMSSM/mSUGRA, we require relatively large gaugino mass M 1/2 and/or scalar mass M 0 , which correlate the squark and slepton masses. Thus, it is very difficut to obtain the above ∆a µ in the CMSSM/mSUGRA. Of course, the above ∆a µ can be realized in the MSSM with the EWSUSY due to the non-universal gaugino masses, scalar masses, as well as trlinear soft terms [14] .
The simplest extension of the MSSM is the Next-to-MSSM (NMSSM), where a SM singlet Higgs field S is introduced (For a review, see Ref. [31] .). In the NMSSM, we can solve the branching fractions were indeed deviated from the SM predictions, such devivations may be explained in the NMSSM as well. Thus, the NMSSM has been studied extensively after the Higgs boson discovery [32] [33] [34] [35] [36] [37] [38] [39] [40] . To obtain the SM-like Higgs boson mass around 125 GeV in the previous studies of the constrained NMSSM, one usually considered the small tan β (tan β ≤ 4) and large λ (λ ∼ 0.6 − 0.7) regime, which gives relatively large tree-level F-term contribution. However, the SUSY contributions to the anomalous magnetic moment of the muon ∆a µ are generically smaller than about 4.0 × 10 −10 [33, 38] .
In this paper, with the GmSUGRA for supersymmtry breaking soft terms, we consider the following three EWSUSY scenarios in the NMSSM: (I) R-Parity Conservation (RPC), and the LSP neutralino is the only dark matter candidate; (II) R-parity conservation and multicomponent dark matter. So the LSP neutralino relic density just needs to be smaller than the observed dark matter density; (III) R-Parity Violation (RPV). So the LSP can be the lightest neutralino, light stau, or tau sneutrino, which will decay into the SM particles through RPV superpotential terms. In the parameter space scan, we consider the experimental results from the LHC Higgs seaches, B physics, ∆a µ , and dark matter relic density, etc. This paper is organized as follows. In Section II, we give a brief review of the EWSUSY from the GmSUGRA and the supersymmetric contributions to the anomalous magnetic moment of the muon. In Section III, the numerical results employing χ 2 statistic test are given. And we present the systematic analyses of the resulting distribution of viable parameter space and sparticle spectra. In Section IV, the LHC neutralino/chargino and slepton search constraints are considered, and the future searches of the electroweak SUSY sector are discussed. We also present some benchmark points. Finally in Section V, we summarize our work briefly.
II. A BRIEF REVIEW OF THE EWSUSY AND (g
In this Section, we will briefly review the EWSUSY from the GmSUGRA as well as the SUSY contributions to the anomalous magnetic moment of the muon.
A. The EWSUSY from the GmSUGRA in the NMSSM
The EWSUSY, which can be realized in the GmSUGRA [15] , has a mass hierarchy for the colored and uncolored sparticles: squarks and/or gluino are heavy around several TeV while the sleptons, sneutrinos, Bino, Winos, and/or Higgsinos are light within one TeV [14] .
In the GmSUGRA, the gauge coupling relation and gaugino mass relation at the GUT scale
where k is the index and equal to 5/3 in the simple GmSUGRA. Assuming a univeral gauge coupling at the GUT scale (α 1 = α 2 = α 3 ) for simplicity, we obtain a simple gaugino mass
The univeral gaugino mass relation in the mSUGRA M 1 = M 2 = M 3 is just a special case of this general one. Choosing M 1 and M 2 to be free input parameters which vary around several hundred GeV for the EWSUSY, we get
which could be as large as several TeV or as small as several hundred GeV, depending on specific values of M 1 and M 2 .
The general supersymmetry breaking scalar masses at the GUT scale are given in Ref. [16] .
Taking the slepton masses to be free, we obtain the following squark masses where
Comparing to the Higgs sector in the MSSM, we have an extra SM singlet Higgs field S and the mixings between Higgs doublets and singlet.
To obtain a 125 GeV SM-like Higgs particle, one usually considered the small tan β ∼ 2 and large λ ∼ 0.6 in the previous studies so that the new tree-level contribution can be large.
Moreover, the proper doublet-singlet mixing can shift the Higgs boson mass by several GeV. We display the characteristic mass hierarchy for the EWSUSY in the NMSSM in Fig. 1 
B. SUSY Contributions to
The dominant SUSY contributions to the muon anomalous magnetic moment ∆a µ arise from the neutralino-smuon and chargino-sneutrino loops. And these contributions in the NMSSM are similar to the MSSM. In the NMSSM, the extra contribution would come from a very light pesdo-scalar Higgs boson (∼ several GeV) [30] , which can be neglected in the following discussions.
The contributions to ∆a µ from the neutralino-smuon and chargino-sneutrino loops are [27] 
where i = 1, 2, 3, 4, 5, k = 1, 2, and m = 1, 2 denote the mass eigenstates of neutralinos, charginos, and smuons, respectively. The kinematic variables are
, and
where X m− , N i− , and U k− /V k− are the elements of the conventional mixing matrices for smuons, neutralinos, and charginos, respectively. In the gauge eigenstate bases,χ
, the i-th neutralinoχ 0 j mass eigenstate is equal to N ijχ 0 j (G). Similarly, we haveχ
1/2 (x) are normalized to 1 for x = 1. The concrete mixing matrices and loop functions were given in Refs. [26] [27] [28] [29] .
Because the magnetic moment operator is a chirality-flipping interaction, it is proportional to m µ for external-leg chirality flipping (the first term in Eqs. (11) and (12)), and to Yukawa coupling for the internal-line chirality flipping (the second term in Eqs. (11) and (12)). The internal-line chirality-flipping terms would dominate since sparticles are much heavier than muon. The contributions from the neutralino-smuon and chargino-sneutrino loops can approximately be expressed as
Obviously, if all the relevant sparticles are at the same mass scale, the chargino-sneutrino loop contributions would dominate. So we have ∆a µ ∼ 10
tan β for sgn(µM 2 ) > 0. It was found in Ref. [28] that the 2σ bound on ∆a µ can be achieved for tan β = 10 if four relevant sparticles are lighter than 600 − 700 GeV. While for smaller tan β (∼3), the lighter sparticles ( 500 GeV) are needed. All the relevant sparticles can be as light as several hundred GeV in the NMSSM with the EWSUSY. Thus, it would be very promising to explain the measured ∆a µ deviation.
III. NUMERICAL ANALYSES

A. Setup
In this subsection, we will use χ 2 statistic test to explore the EWSUSY parameter space in the NMSSM. We will take κ and µ eff at M SUSY as input parameters instead of the Higgs soft masses M Hu and M H d at the GUT scale. So we have 13 free parameters in total as
where we assume
A κ , and A 0 are relevant to Higgs sector. ML, MẼ, µ eff , M 1 , and M 2 take control of the electroweak SUSY sector, and are set to be light around several hundred GeV. The input parameter ranges employed in numerical scan are the following: M 0 ∈ (0, 3000) GeV, M 1 ∈ (−1000, 1000) GeV, M 2 ∈ (−1000, 1000) GeV, ML ∈ (0, 800) GeV, MẼ ∈ (0, 800) GeV, λ ∈ (0, 0.7), tan β ∈ (1, 60). All the other parameters such as A 0 are just left free.
As explained in the Introduction, we consider three EWSUSY scenarios in the NMSSM.
In Scenario I, the LSP neutralino is the only dark matter candidate, and then the dark matter relic density from WMAP experiment is involed in χ 2 analyses. In Scenario II, we assume the multi-component dark matter, and then there is an upper bound on the LSP neutralino relic density (Ωh 2 < 0.136). Considering the variations in the local relic abundance, we rescale the WIMP-proton scattering cross section σ SI p to σ SI p × Ωh 2 /0.11 so that the XENON100 upper limit [13] can be applied directly. The previous SUSY search constraints from the LEP and Tevatron are considered in Scenarios I and II as well. In
Scenario III, R-parity is violated, and then there is no stable LSP. In general, the RPV couplings are too small to shift the sparticle masses much [41] . Thus, we just ignore the RPV couplings in Renormalization Group Equation (RGE) running. In this scenario, we relax the LEP SUSY search constraints, and the requirement of the "lightestness" of the lightest neutralino, which means that any sparticle can be the LSP. There exist constraints for the RPV SUSY from the LEP2 [42] and LHC [5] . However, these existing bounds are highly model dependent. So we just neglect them in the following.
Taking into account the uncertainties for theoretical Higgs boson mass calculations, we require the SM-like Higgs boson mass to be within the range 125.5 ± 1.5 GeV. The SM-like
Higgs boson at the LHC can be the lightest CP-even neutral Higgs boson H 1 , or the second lightest CP-even one H 2 , or even both of them. For the last case in which the two light CP-even neutral Higgs bosons are highly mass degenerate (say, ∆m < 2 GeV), we combine these two Higgs boson productions and decays as Ref. [37] did to form one Higgs particle observed at the LHC. The effective mass and signal strength for decay channel XX are defined as follows
where the Higgs signal strength is defined as
In the numerical study, the statistic test χ 2 is constructed in the following simple form
where x 0 i and σ i are respectively the experimental central value and error of the i-th observable, while x i denotes the model prediction. We consider the following experimental results for χ 2 in the code: the Higgs signal strengths of main search channels from the ATLAS and CMS Collaborations, low energy phenomenological constraints including B physics, anomalous magnetic moment of the muon, and dart matter relic density (for Scenario I only). All these constraints are listed in Table I . Thus, the degree of freedom is 15 for Scenario I and 14 for Scenarios II and III.
In our numerical study, the NMSSMTools [43] is used for the RGE runnig and the calculations of low energy phenomenological constraints. We have adapted the source code to 
Ωh 2 0.1157 ± 0.0023 [12] accomodate the general SUSY breaking soft terms in the GmSUGRA. The LSP neutralino relic density and LSP neutralino-proton spin-independent scattering cross section are calculated via the micrOMEGAs [44] implemented in the NMSSMTools package. For simplicity, we take the top quark pole mass as 173.5 GeV. To be more efficient in computation, we use the Markov Chain Monte Carlo (MCMC) technique for parameter space scan.
B. Numerical Results
We scan the whole parameter space systematically, and obtain the minimal χ 2 /DOF 10.2/15, 9.6/14, and 9.2/14 respectively in Scenarios I, II, and III. We list the three best-fit points in Table II . The summarized results are shown in two-dimensional (2D) panels in Figs.
2, 3, and 4 for Scenarios I, II, and III, respectively. We display the 1σ (∆χ
2), and 3σ (∆χ 2 < 11.8) regions in every 2D distribution with the other In all the panels, the best-fit point is marked with red pentagram. 1σ, 2σ, and 3σ regions are colored in purple, green, and yellow, respectively. All the particle masses and µ eff are displayed in unit GeV. The naive bounds from SUSY searches at the LHC are also shown in mg − mt parameters marginalized. For all three scenarios, we discuss the NMSSM input parameters, the Higgs sector, and the most relevant sparticle masses. Moreover, we explain the LSP neutralino in details for Scenarios I and II, and comment on the possible LSP for Scenario III.
• The NMSSM Input Parameters and ∆a µ − tan β In all the panels, the best-fit point is marked with red pentagram. 1σ, 2σ, and 3σ regions are colored in purple, green, and yellow, respectively. All the particle masses and µ eff are displayed in unit GeV. The naive bounds from SUSY searches at the LHC are also shown in mg − mt gluino can indeed be light 1 TeV in this regime. Previously, this case has been studied extensively. However, in Scenarios II and III which relax the dark matter relic abundance requirement, we obtain the other interesting parameter space: 1σ region of χ 2 analyses covers the wider ranges of tan β and λ, for example, tan β from 2 to 20 and λ from 0.1 to 0.7 in Scenario II. Except for the well-investigated combination, the larger tan β and smaller λ regime is also quite promising: ∆a µ can be increased effectively due to the larger tan β, and the SM-like Higgs boson (H 2 ) mass can still be lifted by the pushing up effect because of the relatively large A λ .
• Higgs Sector
For Higgs sector, we present the plots for R γγ − R V V and R V bb − R τ τ , as well as the In all the panels, the best-fit point is marked with red pentagram. 1σ, 2σ, and 3σ regions are colored in purple, green, and yellow, respectively. All the particle masses and µ eff are displayed in unit GeV. Dashed line in mχ0 proportional to tan β, rendering heavier A 2 , H 3 , and H ± . The more specific discussions about large tan β regime will be given in subsection IV C 2. It is obvious that the 1σ regions are smaller in Scenario I compared to the Scenarios II and III since the requirement of the correct dark matter relic density imposes some constraints on the LSP components. The appropriate singlino fraction in the LSP neutralino is required since it is dominantly Higgsino like in Scenario I. We will comment on it in the following analyses about the LSP.
• Relevant Sparticle Masses
As for sparticles, we present two panles, one (mg − mt 1 ) for colored sparticles and the other (mχ± We do not present the neutralino sector here, since it is just trivial. Five neutralinos are all light within several hundred GeV. In the basisχ
We have small µ eff (= λs), which renders a lighter singlino due to 2κs ∼ 2 to wider LSP mass range, from 60 GeV to 120 GeV, and the LSP neutralino relic density could be very small due to its large Higgsino component. We can write the LSP neutralino mass eigenstate in terms of gauge eigenstates
Higgsinos have large annihilation cross sections into the SM particles, and then the relic density for the Higgsino dominant LSP neutralino will be smaller than the observed unless the LSP neutralino is a few TeV. Also, Higgsinos have large scattering cross sections with the SM particles. Thus, some singlino components are needed to obtain the correct dark matter relic density and satisfy the XENON100 experimental bound.
We display the spin-independent LSP neutralino-proton scattering cross section and the LSP Higgsino and singlino components in In Scenario III due to RPV, the heavy sparticles will finally decay into the SM particles through the RPV superpotential terms. We present a plot of mχ0 heavy stops, the relatively larger tan β is favored by ∆a µ confronted with the constraints from the LHC neutralino/chargino and slepton searches, which will be discussed in the following.
IV. THE SEARCHES FOR THE ELECTROWEAK SUSY SECTOR AT THE COL-LIDERS
A.
The EWSUSY Particle Spectra in the NMSSM Inspired by ∆a µ
Before the further phenomenological studies, we would like to summarize all the above theoretical and experimental results:
• In the NMSSM, to obtain a 125 GeV SM-like Higgs boson, we have small µ eff ∼ 100 − 300 GeV in the most favourable regions. Thus, we have at least three light neutralinos (H u ,H d ,S), and one light chargino (H ± ) around 100 GeV to 300 GeV.
• and large λ regime, or heavy about several TeV in large tan β regime which will be argued to be more interesting in subsection IV C 2 from the LHC SUSY searches.
• The EWSUSY motivated by ∆a µ predicts the light neutralinos, charginos, and sleptons (either left-handed, or right-handed, or both of them), which form the complete light electroweak SUSY sector imposed by the general NMSSM.
• In principle, the squarks and gluino could be either light or heavy, which depend on the specific input parameters. We will show that they are indeed heavy from the LHC SUSY searches, as predicted from the EWSUSY.
As one can see from the last Section, the light electroweak SUSY sector is definitely needed for the EWSUSY, while light stop and gluino in the NMSSM could be somewhat lighter than those in the MSSM due to the extra contributions to the SM-like Higgs boson mass from the tree-level F-term and pushing up effect. However, light stop and gluino are strongly disfavored when the LHC SUSY search results are taken into account. Thus, we come back to our original EWSUSY picture: the squarks and/or gluino are heavy about several TeV, and out of the current LHC reach. After the following dedicated LHC SUSY search studies, we will comfirm that this assumption is indeed valid. Thus, we will concentrate on the searches for electroweak SUSY sector: neutralinos, charginos, and sleptons, with the colored sparticles totally decoupled.
The sparticles in electroweak SUSY sector have much smaller production cross sections at the LHC than squarks/gluino, and they are only mainly pair produced in electroweak Table III , with branching fractions of dominant decay modes for relevant sparticles displayed as well. Because it is impossible to list all the decay modes for every sparticle, we just present some common and important ones. Thus, some decay modes, which would be dominant in specific cases, may be missing in our table. The complete information could also be obtaind by simple physical estimation.
As for Scenario II, the LHC SUSY search constraints would be applied in the similar way as in Scenario I due to the similar particle spectra in light of the SM-like Higgs boson mass and ∆a µ . We have also checked ∼ 1300 sampled points with ∆a µ in 2σ range in Scenario II, and present the results in Fig. 7 . We can see that there exist two main viable regions in the mχ± 2 − mμ L plane. One corresponds to the points withχ Table IV. However, in Scenario III, the LHC phenomenology is somewhat different due to R-parity violation. The LSP is not stable, and then can be the lightest neutralino, light stau, or tau-snetrino [41] . Also, there is no missing energy for sparticle productions and decays at colliders. The standard RPV superpotential in the NMSSM with Z 3 symmetry is
For simplicity, we do not consider λ µ i here, and take the other RPV trilinear couplings to be smaller than about 10 −3 which will not change the sparticle mass spectra. Thus, the sparticles will be dominantely produced in pairs (The RPV couplings are too small to render the resonant sparticle productions.). All the cascade decay chains will end in the SM particles due to the RPV superpotential terms. The RPV coulings λ, λ , and λ respectively correspond to the leptonic, semileptonic and hadronic decays, giving different final states.
We take only one RPV coupling (say, λ 121 , λ 311 , or λ 212 ) to be non-zero at one time.
Turning on λ will bring too many lepton signals which are strongly constrained. Thus, we will just consider the non-zero λ and λ here. For simplicity, we explore the RPV effects with several benchmark points, instead of performimg a complete scan over parameter space as in the first two Scenarios. With λ 311 = 0, theχ 0 1 -LSP will decay to one τ lepton and two jets (χ
, which gives an extra lepton while eliminates the original missing energy. Also, theτ 1 -LSP would decay directly into two jets (τ 1 →ūd). We find that this extra lepton from LQD operator will make things worse, although no original missing energy present. Interestingly, the hadronic operator UDD relaxes the LHC constraints due to the missing energy suppression and no extra lepton in the final states. With λ 212 = 0, thẽ χ 0 1 -LSP decays into three jets (χ 0 1 → cds/cds). In this decay mode, the signal to U.L. ratio could be reduced by several times compared to the RPC case. By naively estimation, thẽ χ ± 2 mass could be ∼ 50 − 100 GeV lighter than those in Scenarios I and II. However, when the LSP is light stau or tau-sneutrino rather than neutralino, the rich τ signals from the Higgsino decays and then the LSP light stau or sneutrino decays would give very remarkable signal significances. And the UDD operator would produce more τ s than the LQD operator for the light stau LSP. So the viable Wino mass range gets back to the same level as in Scenarios I and II. Notice that these results are just for heuristic discussions, the systematic analysis is necessary if one is serious about these RPV effects.
By the way, we check the three best-fit points in Table II , and find that they are all excluded as expected from the above discussions.
C. The SUSY Models Consistent with ∆a µ and the LHC SUSY Searches
We will discuss the general results in the SUSY models which are consistent with ∆a µ and the LHC SUSY searches.
Generic SUSY Models
Although we consider the EWSUSY in the NMSSM to check the electroweak SUSY sector, the above results can be extended to general SUSY models which can explain ∆a µ . Although the small µ eff and an extra neutralino from singlino compared to the MSSM would modify the signals to some degree, the features of our results are reliable for more general SUSY models. To keep ∆a µ in the measured range, we need the light Higgsinos, Wino, and muonsneutrino if the chargino-sneutrino loops give dominant contributions. These light sparticles are constrained by the LHC SUSY searches. Thus, the larger tan β is prefered, which is a general conclusion regardless of any specific SUSY model. If the left-handed sleptons are lighter than Wino, the Wino with mass 450 GeV are strongly disfavored. Otherwise, the Wino mass is generally not much constrained. We have noticed that a general exploration in the MSSM has been made in Refs. [20, 24] . And our results are in agreement with theirs, although in different SUSY models.
Moreover, when µ is very large resulting in heavy Higgsinos, the Bino-smuon contributions to ∆a µ would dominate by the virtue of large mixing (proportional to µ tan β) between the left-handed and right-handed smuons. Thus, only light Bino and sleptons are relevant sparticles as in Ref. [18] . And the LHC SUSY search bounds can be almost evaded since the Bino production cross section is smaller than Winos and Higgsinos.
The Moderate to Large tan β in the NMSSM
The NMSSM with small tan β has been studied extensively during the last year, inspired by the SM-like Higgs boson mass about 125 GeV and the possible excess of the Higgs decays to γγ channel observed at the LHC. Evidently, the small tan β regime is a salient feature of the NMSSM since the large tree-level contribution to Higgs boson mass can be realized for large λ. However, when we take all the known experimental results into account, the moderate to large tan β in the NMSSM would be more interesting.
In the constrained NMSSM, the large tan β is favored from a global analysis [38] in light of the correct dark matter relic density, XENON100 dark matter search bound, and appropriate contributions to (g µ − 2)/2, and regardless of which Higgs boson is the one observed at the LHC. However, because λ is very small there, the results are similar to the MSSM. The mixing effects in Higgs sector are negligible as a consequence of such small λ [38] .
In this paper, we extend the above conclusion for the favorable larger tan β ∼ O(10) 
where δm 
In these orders, the first two terms influence the Wino-likẽ χ ± 2 andχ 0 5 decays, while the last two terms control the decays of the Higgsino-likeχ ± 1 and χ 0 2/3 . As for these sparticle productions, the cross sections for the neutralino-chargino and chargino-chargino pair productions are the largest at the LHC. In the following, we will discuss the procuction processes separately:
• Higgsinos: Higgsinos are very light and then have large production cross sections.
They tend to decay into light stau and/or tau-snertrino if kinematically allowed, as in mass orders (2) Ref. [51] discussed the signature of soft di-leptons at the LHC. Perhaps similar techniques could be applied to the Higgsino searches together with the Vector Boson Fusion (VBF) production processes which could reduce the backgrounds drastically [52] . Actually, Higgsinos will serve as the more important roles in the cascade decays of Bino and Winos than in direct production.
• Bino and Winos: Main production processes would be Wino pair productions. Bino has small production cross section, and mainly manifest itself in Wino decays. With Higgsinos lighter than them, they will experience longer cascade decay chains. The Bino and Wino decays are highly dependent on the left-handed slepton mass. In mass orders (1) and (2), the left-handed sleptons are lighter and will take control of the decay chains, resulting in the golden tri-lepton signature inχ ±χ0 pair-productions. Especially, in mass order (2), up to 7 leptons would emerge if Higgsinos all decay into τ s.
We list this long cascade decay chain here: pp →χ
With Bino-likeχ 0 4 mainly decaying intoτ 1 τ (τ 1 is almost right-handed.), such decay chain ends in (
1 ). Ref. [53] has discussed the many-lepton signatures from very long cascade decay chains in the NMSSM, although its particle content is a little bit different from here. On the other hand, in mass orders (3) and (4) with mμ L > mχ± cases and then have very large production cross sections.), Winos will generically decay into several gauge bosons on-shell or off-shell, depending on the mass splittings and specific mass order. Taking the decay chain pp →χ Tables III and IV. • Sleptons: When Winos are too heavy to explore, sleptons must be light enough to accomodate with ∆a µ . Thus, we could focus on the slepton pair productions instead.
Light sleptons have large production cross sections at the ILC, and the opposite-sign di-leptons are typical signatures.
In short, the very interesting patterns would emerge in the searches for electroweak SUSY sector, which definitely deserve further deep study. We just present several naive ideas here, and leave the dedicated analyses for a future work.
V. CONCLUSION
Taking into account all the available experimental constraints/results, especially the 125 GeV SM-like Higgs boson at the LHC and the muon anomalous magnetic moment, we have studied the EWSUSY in details in the NMSSM for three scenarios. Using χ 2 statistic test, we obtained the most favorable regions in the whole parameter space. Moreover, we found that the LHC SUSY searches for neutralinos/charginos and sleptons have already put considerable constraints on the electroweak SUSY sector. And then the favored model parameter space and the resulting mass spectra are modified accordingly. After the systematic analyses, we are led to the following conclusions:
• Unlike the previous studies in the NMSSM, we found that the moderdate to large tan β ∼ O(10) is prefered after the LHC SUSY search bounds are taken into account.
The relatively large tan β can be compatible with the muon anomalous magnetic moment and SM-like Higgs boson mass simultaneously. Especially, the SM-like Higgs boson is the second lightest CP-even neutral Higgs boson, whose mass is lifted a little bit further by pushing up effect.
• The squarks and gluino are heavy around a few TeV and is out of the current LHC reach. The light electroweak SUSY sector lies on the brim of the current detection capability. In particular, the EWSUSY in the NMSSM can fit into all the current experimental data very well with χ 2 /DOF ∼ 1. All the charginos, neutralinos, and sleptons are around several hundred GeV.
• The current LHC SUSY searches have put strong constraints on the light electroweak SUSY sector through the lepton final states. And the sparticle masses related to ∆a µ are constrained by these results as displayed in Figs. 6 and 7. Generically speaking, a
Wino-likeχ • The searches for electroweak SUSY sector of the EWSUSY in the NMSSM is promising at the LHC-14 and ILC, and definitely deserve further dedicated analyses. The lepton final states are very important, and the promising signatures include the multi-leptons (The number of leptons can be up to 7.), τ leptons, oppsite-sign di-leptons, and so on.
In addition, the searches for Higgs bosons as final states would be very promising if Winos are very light and then have large production cross sections. 
